Mannosidase from Trichoderma reesei, a 105 kDa glycoprotein, has been crystallized. The crystals belong to the space group P4 1 2 1 2 or P4 3 2 1 2, with unit-cell dimensions a = b = 165.86, c = 122.46 A Ê , and diffract beyond 2.75 A Ê resolution. X-ray diffraction data were collected from a frozen crystal on a synchrotron X-ray source.
Introduction
-Mannosidase is an exoglycosidase that catalyzes hydrolysis of non-reducing residues of -d-mannose in -d-mannosides. The enzyme has been isolated from plants (Houston et al., 1974; Li & Lee, 1972) , fungi (Bouquelet et al., 1978; Neustroev et al., 1992; Kulminskaya et al., 1999) , animals (Iwasaki et al., 1989; Cavanagh et al., 1985) and bacteria (Akino et al., 1988; Oda et al., 1993) , including thermophilic and alkalophilic microorganisms. The complete human (Alkhayat et al., 1998) , caprine (Leipprandt et al., 1996) , bovine (Chen et al., 1995) and Aspergillus aculeatus (Takada et al., 1999) -mannosidase cDNAs have been sequenced, revealing 75% identity between the ®rst three sequences (Alkhayat et al., 1998) . The lysosomal degradation of N-glycoproteins is the most important process in which -mannosidase participates. Glycoprotein degradation occurs predominantly within cell lysosomes by the sequential action of endo-and exoglycosidases.
-Mannosidase cleaves mannosidic bonds in the core part of N-linked glycans attached to glycoproteins (Scriver et al., 1989) .
In man and ruminants, a de®ciency of -mannosidase leads to an autosomal recessive inherited lysosomal storage disease (Watts & Gibbs, 1986) called -mannosidosis. The disease is characterized by storage and excretion of the disaccharide Man-(134)-GlcNAc, the trisaccharide Man-(134)-GlcNAc-(134)-GlcNAc and other more complex undegraded oligosaccha-rides in various tissues (Percheron et al., 1992) . The disorder was ®rst described in Nubian goats (Jones & Dawson, 1981) and later in humans (Cooper & Sardharwalla, 1986; Wenger et al., 1986) and Saler cattle (Bryan et al., 1990) . In man, clinical manifestations are heterogeneous and include mental retardation, peripheral neuropathy, skeletal abnormalities and others (Rodriguez-Serna et al., 1996) . A theoretical study of structural and functional features of bovine -mannosidase (Chen et al., 1995) and another four enzymes implicated in lysosomal storage diseases, based on a family classi®cation of glycosidases (EC 3.2.1.x), was performed using the hydrophobic cluster analysis method (Durand et al., 1997) . Some likely preserved features of the catalytic domains were deduced, despite the low levels of sequence identity. Another observed pathological variation of the enzyme, which manifests itself in a signi®cantly decreased serum activity in 64 diabetic patients, remains to be investigated (Bernard et al., 1985) .
Fungi and bacteria able to degrade hemicellulose also secrete -mannosidase. This -mannosidase hydrolyzes (134)-dmannosyl groups from manno-oligosaccharides and mannose-containing glycopepetides produced from the hemicellulose pulp by endoenzymes (Kuhad et al., 1997) . In seeds that have galactomannans as storage carbohydrates, the enzyme converts manno-oligosaccharides to monosaccharides (Dey & del Campillo, 1984) . Some enzymes have a substrate-binding site in addition to the catalytic site, which may modulate enzymatic action, possibly within a multidomain structure (Kuhad et al., 1997; Neustroev et al., 1993; Voet & Voet, 1995) .
A non-catalytic galactomannan-binding site was established in -mannosidase from T. reesei on the base of kinetic studies (Kulminskaya et al., 1999) . Knowledge of the threedimensional structure of the enzyme will help in the understanding of the structural basis of its activity and function.
Figure 1
A typical diffraction pattern from the data set reported above. The crystal-to-detector distance was set to give a resolution limit of 2.65 A Ê at the outer edge of the image. Other resolution rings were drawn. crystallization papers 2. Crystallization and data collection -Mannosidase was puri®ed to homogeneity from a culture ®ltrate of T. reesei, as described by Kulminskaya et al. (1999) . Initial crystallization conditions were screened by the sparse-matrix method (Jancarik & Kim, 1991) using the macromolecular crystallization reagent kits I and II (Hampton Research). In each trial, a hanging drop of 1 ml of protein solution (10 mg ml À1 in water) mixed with 1 ml of precipitant solution was equilibrated against a reservoir containing 500 ml of precipitant solution. Small clusters of needles grew at room temperature in precipitant solution 12 [30%(v/v) PEG 400, 0.1 M CdCl 2 , 0.1 M sodium acetate pH 4.6] from the Hampton reagent kit II in one week. The experiment was repeated at 277 K and small crystals were obtained from a drop containing protein solution, precipitant solution and water in a 2:1:1 ratio. Further optimization at 291 K including pH re®nement (McPherson, 1995) led to the following conditions. A reservoir solution containing 26% PEG 400, 0.13 M CdCl 2 and 0.1 M sodium acetate pH 4.7 was prepared. A 2 ml drop of the protein solution was mixed with 1 ml of reservoir solution plus 1 ml of water. After equilibration, well formed bipyramidal crystals of dimensions 0.5 Â 0.4 Â 0.3 mm grew in 3± 15 d. The crystals obtained diffracted poorly and to low resolution. In spite of the fact that the crystals showed good morphology and size, they were rapidly damaged when exposed to the X-ray beam, resisting a few images only. The best resolution of the room-temperature data set was limited to 3.5 A Ê . Cryo-crystallographic techniques (Garman & Schneider, 1997) were employed to overcome radiation damage. Crystallization conditions allowed¯ash-freezing of the crystal in a gaseous nitrogen stream (Oxford Cryosystems) without further modi®cations of the mother liquor. Several diffraction data sets were collected. Data were collected on a 345 mm MAR Research imaging-plate detector at the LNLS Protein Crystallography beamline Polikarpov, Perles et al., 1998) by the oscillation method from a single native crystal at 80 AE 1 K (Fig. 1) . The wavelength was 1.38 A Ê and the crystal-todetector distance was 205 mm, with an oscillation range of 1 and an exposure time of $15 min per image.
Results and discussion
Data were processed using the DENZO and SCALEPACK packages (Otwinowski & Minor, 1997) . Results of data processing are summarized in Table 1 . Flash-freezing signi®cantly improved the crystal's resistance to X-rays. This allowed a higher X-ray dose per image. An improvement in the I/'(I) ratio along with a high redundancy led to better statistics and a higher resolution cutoff. We aim to solve this structure by the multiple isomorphous replacement method. Screening for heavy-atom derivatives is under way. 
